We present herein new results from Belle on the τ − → π − ντ + − branching fraction and from
The decay τ − → π − ν τ + − [1] with + − = e + e − or µ + µ − , receives QED contributions in which the photon is emitted from the τ and the π shown in Figs. 1 (a, b, c) that are structure independent. In addition, weak contributions arise from the vector current and axial-vector current couplings shown in Figs. 1 (d, e) that are structure dependent. The last three diagrams involve a γ * W * π vertex in which with two gauge bosons are off their mass shell. These couplings serve as a probe for new physics beyond the Standard Model (BSM). For example, a sterile ν that may explain MiniBoones excess [2] can enter the diagrams enhancing the branching fraction B(τ − → π − ν τ + − ) [3] . If the photon is real, the γW π vertex plays an important role for calculating radiative corrections for τ − → π − ν τ , which helps with the evaluation of hadronic light-by-light scattering to the (g − 2) µ calculation [4] [5] [6] . Furthermore, B(τ − → π − ν τ + − ) can be used to validate the Resonance Chiral Theory [7, 8] . In the Standard Model (SM), the branching fraction predictions are B(τ − → π − ν τ e + e − ) = (1.4 − 2.8) × 10 −5 and B(τ − → π − ν τ µ + µ − ) = (0.03 − 1.0) × 10 −5 [9] .
B. Analysis Strategy
Belle performs a blind analysis using data recorded at the Υ(4S) with an integrated luminosity of 562 fb −1 . As a first step, they select τ + τ − events by requiring exactly four charged tracks with zero total charge. Each charged particle must have a transverse momentum greater than p T > 0.1 GeV/c and at least one charged particle must have p T > 0.5 GeV/c. Isolated photons are required to have an energy of E γ > 50 MeV (100 MeV) in the barrel (endcaps) to remove beam backgrounds. To reduce background contributions from radiative Bhabhas, e + e − →(q = u, d, s, c) and two-photon events, Belle requires the sum of the magnitude of momenta of the four charged particles to be in the range 3 GeV/c < i | p i | < 10 GeV/c, the missing mass to lie in the region 1 GeV/c 2 < M miss < 7 GeV/c 2 and a thrust of 0.85 < T < 0.99.
The π − ν τ e + e − signal sample is selected by identifying e + , e − and π − using stringent particle identification criteria. To reduce hadronic background, the cosine of the angle between the τ − and the π − e + e − system is required to have | cos θ τ,πe + e − | < 1. The main residual background comes from τ C. Results Figure 2 shows the π − e + e − invariant mass for τ − → π − ν τ e + e − events. In the signal region 676 events are observed compared to 478 ± 23 events expected background. In the charge-conjugated mode the observed yield is 689 events compared to 476 ± 22 expected background events. This provides a 5.9σ significant excess. The total systematic error is 14.4% where the largest contribution arises from the particle identification efficiencies. With a signal efficiency of sig = 1.88 ± 0.07% Belle measures a preliminary branching fraction of B(τ − → π − ν τ e + e − ) = (2.11 ± 0.19 ± 0.30) × 10 −5 . Figure 3 shows the transverse decay length for τ − → π − ν τ µ + µ − events in the signal region. Belle observes 1315 events while the expected background 
is 1129 ± 55 events. In the charge-conjugated mode the yield is 1263 events compared to 1115 ± 54 expected background events. The dominant backgrounds come from τ
The total systematic uncertainty is 4.9% where the largest contribution arises from particle identification. The detection efficiency is 4.14 ± 0.16%. Since the total excess of 334 ± 51 ± 109 events has a statistical significance of 2.8σ, Belle gives a preliminary branching fraction upper limit of B(τ
The CKM element |V us | can be extracted from B(τ → X s ν τ ) by [10, 11] 
where
and δ theory represents the error from SU (3) breaking effects. A significant part of the experimental error on |V us | results from the uncertainties on the τ
In BABAR we measured the branching fractions of the decays τ
µ ν τ as control samples. More precise branching fractions in these modes help to reduce the uncertainty on |V us |, since the inclusive branching fraction τ → X s ν τ is taken as a sum of exclusive τ decays with a kaon in the final state. 
B. Analysis Method
First, we divide the event into two hemispheres along the thrust axis as shown in Fig. 4 . We tag τ + in one hemisphere with e + or µ + and select a π − or K − in the other hemisphere. We veto events that have additional charged particles. We keep all events that have 0−4 π 0 s with π 0 → γγ and veto events that have additional photons. To suppress two-photon events, we require the transverse momentum with respect to the missing energy to be
where √ s is the center-of-mass energy and p denotes the momenta of the signal and tag, respectively. We suppress backgrounds with K 0 L s by requiring that the missing-mass-squared
where p i is the four-momentum of all reconstructed particles in the signal hemisphere. The explicit selection values are mode-specific. We apply three corrections to the simulated data: a π 0 efficiency correction, a PID efficiency correction and a correction for neutron-induced showers.. For the π 0 efficiency correction we use the control samples and compare τ 
C. Results
Figures 5 show the momentum distributions of the charged particle in the signal hemisphere for the selected candidates of the four control modes. The data are well described by the simulation. Figures 6 show the corresponding momentum distributions of the six signal modes. Again, data are well described by simulations.
To determine the branching fractions, we need to account for cross feeds among the six signal modes. Using simulation, we first subtract in each observed channel N obs j all backgrounds N bkg j that do not originate from the six signal channels. Then, we determine the migration matrix M ij , which gives the probability that a produced mode i is observed in mode j. Inversion of the matrix yields the number of truly produced events
The branching fractions are calculated by
where L = 473.9 fb −1 is the integrated luminosity near or at the Υ(4S) and σ τ τ = 0.919 ± 0.003 nb is the e + e − → τ + τ − cross section at 10.58 GeV. For the τ − → K − (π − )nπ 0 ν τ modes the efficiencies are in the 0.1 to 2% (0.1 to 3.3%) range while the efficiency for τ − → µ −ν µ ν τ is 1.3%. For the six signal modes we measure the following branching fractions
BABAR preliminary momentum distributions of the charged particle in the signal hemisphere for selected candidates of the four control modes: (a) τ
0 ντ . The individual contributions are shown in Fig. 6 .
The first error is statistical and second systematic. Figure 7 shows the branching fractions measured by BABAR together with previous results. The branching fraction for τ − → K − ν τ is slightly worse than that obtained with a three-prong tag [12] , while the branching fraction for τ − → K − π 0 ν τ is much improved. The branching fractions for the other four modes are the first BABAR measurements. They are also much more precise than previous results.
III. BABAR MEASUREMENT OF THE BRANCHING FRACTION AND SPECTRAL
S ν τ to measure the spectral function in this channel [13] 
where m τ is the τ mass, q is the invariant mass of the
S mass spectrum and C(q) is a phase space factor
Since the vector current is conserved [13] , the same spectral function appears in the isovector part of the e + e − → KK cross section
where α is the fine structure constant. BABAR measured the cross sections for e + e − → K + K − and [14, 15] . In addition, SND measured the cross section for e + e − → K + K − [16] . Combining the data of both experiments we can determine the moduli of isovector and isoscalar form factors and relative phase between them in a model-independent way. While Belle measured the branching fraction for τ − → K − K 0 S ν τ rather precisely (3%) [17] , CLEO measured the K − K 0 S mass spectrum [18] with large uncertainties.
B. Analysis strategy
Using an integrated luminosity of L = (468 ± 2.5) fb −1 BABAR has studied τ
As in the analysis above, we divide the event into two hemispheres. On the tag side we require an identified electron or muon. The center-of-mass momentum of the lepton tag must lie between 1.2 GeV/c and 
4.5 GeV/c with a polar angle satisfying | cos θ | < 0.9. This removes QED events e + e − → e + e − , µ + µ − . On the signal side we select τ − → K − K 0 S ν τ by requiring an identified K − and two oppositely-charged pions that are compatible with a K 0 S decay, having a decay length larger than 1 cm and a mass consistent with the nominal K 0 S mass. To suppress background from charged pions we require the charged K momentum to satisfy 0.4 GeV/c < p K < 5.0 GeV/c and the polar angle to satisfy −0.7374 < cos θ K < 0.9005. In addition to other standard selection criteria, the sum of photon energies has to be less than 2 GeV [19, 20] . The selection reduces the τ and qq) backgrounds by 3.5 and 5.5 orders of magnitude, respectively. We determine the non-K 0 S background from the m π + π − sidebands and perform a bin-by-bin subtraction in the m K − K 0 S mass spectrum. The background fraction is of order 10% for m K − K 0 S < 1.3 GeV/c 2 increasing to 50% for masses above 1.6 GeV/c 2 . The
The remaining background comes from a misidentified lepton on the tag side. For subtraction of background without π 0 s we use simulation. For background with π 0 s, we perform a bin-by-bin subtraction. We divide the data into two classes, one without π 0 and one with one π 0 s.
where N 0π 0 and N 1π 0 are the number of selected data events without a π 0 and with a π 0 and s and b are the probabilities for signal and background τ + τ − events to be observed in the class with one π 0 . The probabilities are determined from MC as a function of m K − K 0 S bins. We then correct the value of b by the π 0 efficiency correction of 0.984 ± 0.006. We need to adjust 
is 2.7% where the largest contribution comes from the background with one π 0 .
C. Results
The τ
where B lep = 0.3521 ± 0.0006 is the world average of the combined τ → eν e ν τ and τ → µν µ ν τ branching fractions [21] . We observe a total number of N s = 223741 ± 3461 signal events yielding
(15) Our result agrees well with the Belle measurement of (0.740 ± 0.007 ± 0.027) × 10 −3 [17] . Figure 8 shows
S ν τ from which the spectral function shown in Fig. 9 is extracted. Our K − K 0 S invariantmass spectrum is much more precise than the one from CLEO [18] .
The CKM element |V us | is typically determined from K 2 and K 3 decays. Using the unitarity of the CKM matrix |V us | is determined with the smallest uncertainty since |V ud | is the best measured CKM element with an uncertainty of 0.02% and the contribution of |V ub | is negligible despite its large uncertainty. Furthermore, we can determine |V us | from τ decays with a kaon in the final state. Figure 10 shows |V us | extracted from inclusive τ − → X − s ν τ decays in comparison with results from τ − → K − ν τ , K 3 and K 2 decays, and CKM unitarity [21] [22] [23] . The |V us | value from inclusive τ − → X − s ν τ decays lies −2.9σ lower than the result from CKM unitarity. With the new τ − → K − (0 − 3)π 0 ν τ BABAR branching fraction measurements the precision on |V us | improved though the discrepancy changed only slightly from the pre- [21, 25] , CKM unitarity (blue point) [21] , new τ − → X − S ντ inclusive analysis (upper red point) [10, 11] , two determinations of τ − → K − ντ (two middle red points) [22] and τ average (lower red point) [22] .
vious HFLAV analysis yielding −3.0σ. The value of |V us | extracted from the previous BABAR τ − → K − ν τ measurement is consistent with |V us | determined from CKM unitarity within 2σ. In the inclusive τ − → X − s ν τ analysis the precision can be further improved by remeasuring other decay modes more precisely that enter the inclusive τ
Other approaches are based on using precise kaon decay branching fractions to predict τ decay branching fractions or use the τ spectral functions to extract |V us | [24] .
V. CONCLUSION AND OUTLOOK
The Belle experiment observed the decay τ − → π − ν τ e + e − with a 5.9σ excess measuring a branching fraction of B(τ − → π − ν τ e + e − ) = (2.11 ± 0.19 ± 0.30)×10 −5 . In the τ − → π − ν τ µ + µ − channel the significance of the excess is 2.8σ. So they set a branching fraction upper limit at 90% CL of B(τ → ν τ µ + µ − ) < 1.14 × 10 −5 . BABAR measured the branching fractions of six signal channels τ − → K − (0 − 3)π 0 ν τ and τ − → −π − (3, 4)π 0 ν τ . The new BABAR results are the most precise except for τ − → K − ν τ , which was previously measured with a three-prong tag. They help reducing the uncertainty on |V us | determined from inclusive τ − → X − s ν τ decays. The new |V us | result shows a −2.9σ discrepancy with respect to |V us | determined from CKM unitarity. The |V us | value extracted from the previous BABAR τ − → K − ν τ measurement [12] is consistent with the results from the CKM unitarity to better than 2σ. BABAR measured the τ − → K − K 0 S ν τ branching fraction, which is in excellent agreement with the Belle measurement. The extracted spectral function is much more precise than the measurement by CLEO.
BABAR will publish the τ − → K − nπ 0 ν τ results, measure spectral functions in other τ − decay modes and improve branching fraction measurements for other modes that are relevant for improving the precision on |V us | from τ − → X − s ν τ decays. The BES III experiment is working on a new τ mass measurement using 5 energy points at the τ threshold with a total integrated luminosity of 173 pb −1 expecting a mass precision of σ(m τ ) < 100 keV/c 2 . The Belle II experiment will log a luminosity of 50 ab −1 yielding 4.6×10 10 τ pairs that allow for many improved τ measurements and many rare τ decay searches. Figure 11 shows the expected branching fraction upper limits at 90% CL for various lepton-flavor-violating τ decays. The expected Belle II results [26] will be two orders of magnitude or more lower than the present BABAR and Belle results.
